Abstract
4
45 gradually develop to the upper canopy, leading to premature defoliation and yield 46 losses [8, 9] .
47
Several studies have evaluated the yield losses caused by Septoria brown spot. In a 48 field survey with 1000 soybean plant introductions, Lim (1979) [10] showed that yield 49 losses due to Septoria brown spot ranged between 1% to 27%, depending on variety, 50 location, and whether the plots were inoculated or not. Yield reductions ranging from 51 12% to 34% were reported in inoculated plots, and from 8% to 8.7% in naturally infected 52 plots [11] . A study [12] in Ohio reported that yield losses ranged from 2.5% and 9.5% in 53 naturally infected fields with different number of chlorothalonil applications.
54
No source of resistance to this pathogen has been identified from a survey of 1000 55 and 626 soybean lines [10, 13] . There is no data on the resistance or susceptibility of 56 newly released soybean cultivars to brown spot [12] , and no pathogenic variability 57 among isolates has been found [14] . (Fig 2) and showed a trend for necrotic area at R7 (p = 0.115) (S1 Table) . Three, 208 six, and nine weekly fungicide applications reduced 17% to 33% of the disease vertical 209 progress as compared to the plots that were not treated with fungicide. For chlorotic 210 area only six and nine weekly fungicide applications significantly reduced 18% and 21%
211 of the chlorotic area as compared to the non-treated controls. No differences were 212 observed between the inoculated and not-inoculated plots (Fig 2) . 
217
For the disease traits, the largest variance was due to the location effects (Table 1) , 218 which ranged between 15% to 78%. Only a maximum of 3% of the variance was due to 219 the block within location, and a maximum of 35% due to the location by treatment 220 interaction. The one exception was for chlorotic area which had no variance due to 221 location and 52% variance due to location by treatment interaction (Table 1) . 
Yield response to fungicide treatments
228 Fungicide treatment did not have a significant effect on yield, yield response, 100-229 seed weight, pods per plant or seeds per plant. For yield and 100-seed weight, the 230 largest percentage of variance was due to location effects (79% and 75% respectively).
231 However, most of the variance was in the residual for pods per plant (51%) and seeds 232 per plant (43%) ( Table 1) . A trend of higher yield on the plots treated nine times was 233 observed in one of the locations (Perry). Two of the locations (Perry and Urbana) 15 234 resulted in similar yields, but the yield was lower in Monmouth (Fig 3) .
235 290 Septoria brown spot. We conducted multi-location inoculated field trials to generate 291 empirical data of disease effects and model the linear relationship of the damage due to 292 this disease.
293
In this study, different levels of disease severity of brown spot were obtained at 294 three locations following three, six, or nine weekly applications of chlorothalonil after 295 disease inoculation. Among the four disease components investigated (vertical progress, 296 necrotic area, chlorotic area, and defoliation rate), vertical progress was the best trait to 297 identify differences in the development of brown spot during the reproductive stages.
